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VEHICLE CONTROL SYSTEM

CROSS-REFERENCE TO RELATED
APPLICATION

This 1s a national phase application based on the PCT
International Patent Application No. PCT/JP2012/066342
filed Jun. 27, 2012, the entire contents of which are incorpo-
rated herein by reference.

TECHNICAL FIELD

The present invention relates to a control system for a
vehicle that 1s provided with a clutch device for selectively
connect and disconnect a prime mover to/from drive wheels
through a power transmission route, and that 1s allowed to
coast by bringing the clutch device into disengagement.

BACKGROUND ART

In order to improve fuel economy, a fuel cut-oif control for
stopping fuel supply to an engine during running, and a coast-
ing control for coasting the vehicle by disconnecting the
engine from a drive line during running have been employed
in recent years. Specifically, the fuel cut-off 1s carried out to
stop fuel supply to the engine given that an accelerator 1s
returned to close an accelerator valve completely, and that an
engine speed 1s higher than an 1dling speed so that a vehicle
speed 1s higher than a predetermined speed. Under the fuel
cut-oif control, although the combustion of fuel 1n the engine
1s stopped, the engine 1s still rotating by a torque from the
drive wheels. Therefore, a braking torque resulting from a
pumping loss of the engine and a friction torque 1s applied to
the drive wheels. Consequently, an engine braking force 1s
applied to the vehicle.

For example, the coasting control 1s carried out when the
accelerator 1s returned during running to coast the vehicle
without rotating the engine passively by bringing the clutch
into disengagement disposed between the engine and the
drive wheels. Therefore, under the coasting control, the
engine braking force will not be applied to the vehicle so that
the vehicle 1s allowed to coast utilizing an ertia energy.

The coasting control may be carried out not only by stop-
ping the fuel supply to the engine but also without stopping
the tuel supply to the engine while lowering the engine speed
close to the 1dling speed. In case of carrying out the coasting
control while stopping the engine, the fuel will not be con-
sumed during coasting the vehicle so that the fuel economy
can be improved significantly. By contrast, in case of carrying
out the coasting control without stopping the engine, the fuel
economy will not be improved as the case of stopping the
engine. In this case, however, 1t 1s not necessary to arrange
additional devices for mnsuring a required o1l pressure under
cessation of the engine such as an electric o1l pump, a hydrau-
lic accumulator etc. Therefore, the coasting control can be
carried out easily without requiring additional modification
of the vehicle and additional equipment. In the following
explanation, the coasting control without stopping the engine
will be called the “neutral coasting control” or the “N coasting,
control”.

For example, Japanese Patent Laid-Open No. 2011-
163535 describes a controller for mechanical automatic
transmission configured to carry out the coasting control.
According to the teachings of Japanese Patent Laid-Open No.
2011-163535, an input shait of a geared transmaission 1s con-
nected to an output shaft of an engine though a friction clutch,
and an alteration of engagement state of the clutch and a speed
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change operation of the transmission are carried out auto-
matically. To this end, a coasting of the vehicle 1s determined
based on a vehicle speed, an execution of a speed change of
the transmission, and an accelerator opening. Given that the
coasting of the vehicle 1s continued for a predetermined
period of time, the clutch 1s brought 1into disengagement and
the vehicle speed 1s lowered to an 1dling speed. In case the
vehicle 1s not coasting after disengaging the clutch, a target
gear stage of the transmission 1s established according to the
vehicle speed and the accelerator opening, and then the clutch
1s brought 1nto engagement.

Japanese Patent Laid-Open No. 2011-7139 describes a
cooling device for a multi-cylinder engine. According to the
teachings of Japanese Patent Laid-Open No. 2011-7139, the
multi-cylinder engine 1s allowed to be started while reducing
number of activated cylinders when started under cold con-
dition. Such reduced cylinder operation control 1s continued
during 1dling of the engine.

Japanese Patent Laid-Open No. 2005-188432 describes a
control device applied to a multi-cylinder engine comprising
a plurality of cylinders, an electronic fuel infector injecting
tuel the cylinders, an electronic valve activating mechanism
opening and closing an 1ntake valve and an exhaust valve of
cach cylinder. According to the teachings of Japanese Patent
Laid-Open No. 2005-188432, the control device stops fuel
injection to some cylinders while closing the intake and
exhaust valves thereot, upon expiration of preset time while
the engine 1s 1dled 1n the vehicle waiting for a traffic light.

Japanese Patent Laid-Open No. 2005-140076 describes a
control device for a vehicle having an automatic transmission
provided with a torque convertor having a lockup clutch.
According to the teachmgs of Japanese Patent Laid-Open No.
2005-140076, a tuel cut-ofl 1s carried out to stop fuel supply
to the engine upon satisfaction of a predetermined condition.
If the lockup clutch 1s in engagement or causing a slip, a
timing to commence the fuel cut-oif 1s hastened to be earlier
than that of the case 1n which the lockup clutch 1s 1n disen-
gagement. In addition, Japanese Patent Laid-Open No. 2005-
140076 describes a control to sequentially stop the fuel sup-
ply to the cylinders of the engine after a predetermined delay
time from a point at which the lockup clutch has been brought
into disengagement.

Japanese Patent Laid-Open No. 8-105334 discloses a con-
trol device for a variable displacement engine in which intake
valves and exhaust valves of deactivated cylinders are closed
within a low load operating range. According to the teachings
of Japanese Patent Laid-Open No. 8-105334, displacement
mode in which some of the cylinders are deactivated 1s
selected based on a shift position and an engine operating
range. Basically, the cylinder deactivation mode 1s selected
upon shifting of the shift position to a neutral position. After
shifting the shift position from the drive position to the neutral
position, the cylinders activated under the drive position are
continuously activated within a predetermined period of time
from the point at which the shiit position was shifted. In
addition, according to the teachings Japanese Patent Laid-
Open No. 8-105334, such cylinder deactivation 1s carried out
after raising the 1dling speed of the engine to prevent an
engine stall and to reduce vibrations.

As described, according to the teachings of Japanese Patent
Laid-Open No. 2011-163533, the friction clutch 1s brought
into disengagement during the coasting of vehicle so that the
vehicle 1s allowed to be propelled by 1nertia force, and the
engine speed 1s lowered to the i1dling speed. That 1s, the
neutral coasting control 1s carried out to disconnect the engine
from the transmission line to 1dle for improved fuel economy.
The engine 1s operated at the 1dling speed even under the
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neutral coasting so that an o1l pump or other auxiliary mecha-
nism can be driven by the engine. For this reason, the neutral

coasting control taught by Japanese Patent Laid-Open No.
2011-163535 may be adapted for the conventional vehicles.
However, the engine 1s kept driven under during the neutral
coasting control although not mvolved in propulsion of the
vehicle. Consequently, more fuel 1s consumed in comparison
with the neutral coasting while stopping the engine. Thus, the
coasting neutral control has to be improved to improve fuel
economy.

DISCLOSURE OF THE INVENTION

The present invention has been conceived noting the fore-
going technical problems, and it 1s therefore an object of the
present invention 1s to provide a vehicle control system con-
figured to carry out the neutral coasting control 1n an opti-
mally fuel efficient manner while interrupting a power trans-
mission between an engine and drive wheels and 1dling the
engine.

The vehicle control system of the present imvention 1s
applied to a vehicle comprising an engine having a plurality
of cylinders, a power transmission route between the engine
and drive wheels and a clutch device adapted to selectively
connect and disconnect a power transmission route, and
vehicle control system 1s configured to disconnect the power
transmission route during running to allow the vehicle to
coast. In order to achieve the above-explained objectives,
according to the present invention, the vehicle control system
1s provided with: a means that detects a vehicle speed; a
means that detects an operation of an accelerator by a driver;
ameans that detects a speed of the engine; an execution means
that executes a coasting control when an operating amount of
an accelerator 1s reduced to be smaller than a predetermined
value during running, by bringing the clutch device 1nto dis-
engagement to disconnect the power transmission route; and
an engine control means that reduces number of combusting
cylinders during the coasting control while reducing the
engine speed to an 1dling speed that 1s lower than that of a case
in which the coasting control i1s not carried out.

The engine control means 1s configured to adjust the 1dling
speed to be higher than a lower limit speed at which the engine
operated under all-cylinder mode 1s allowed to rotate autono-
mously.

The engine control means 1s further configured to reduce
number of combusting cylinders after a lapse of a predeter-
mined period of time from a point at which the clutch device
1s brought 1nto disengagement.

Thus, according to the present invention, the neutral coast-
ing of the vehicle 1s carried out upon reduction in operation of
the accelerator to be smaller than the predetermined value
during running. Specifically, the neutral coasting 1s achieved
by disengaging the clutch device to disconnect the power
transmission route between the engine and the drive wheels,
while reducing the engine speed to the 1dling speed. There-
fore, a cruising distance of the vehicle can be extended so that
fuel economy can be improved.

In addition to operating the engine at the 1dling speed,
during the neutral coasting, the cylinder deactivation 1s car-
ried out to reduce number of the combusting cylinders. For
example, given that the engine 1 1s a four-cylinder engine, two
cylinders are deactivated. Consequently, fuel consumption
can be reduced during the neutral coasting control of the
present invention, in comparison with the conventional coast-
ing control while activating all cylinders. For this reason, the
fuel economy can be further improved during the neutral
coasting control.
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According to the present mvention, under the cylinder
deactivation mode during the neutral coasting, the engine
speed 1s lowered to the 1dling speed that 1s higher than a lower
limit speed at which the engine operated under all-cylinder
mode 1s allowed to rotate autonomously. That 1s, the 1dling
speed of the engine 1s raised to be higher than that under the
all-cylinder mode. Under the cylinder deactivation mode,
vibrations of the engine are amplified and such vibrations are
increased especially at the lower limit speed. According to the
present ivention, however, the 1dling speed of the engine
under the cylinder deactivation mode 1s raised to be higher
than that under the normal runming so that the vibrations of the
engine can be suppressed.

In addition, according to the present invention, the cylinder
deactivation of the engine 1s carried out after a lapse of the
predetermined period of time from a point at which the clutch
device 1s brought into disengagement. For this reason, torque
pulses and vibrations resulting from commencing the cylin-
der deactivation will not propagate to the drive wheels
through the power transmission route.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 1s a view schematically showing an example of a
drive line and a control line of the vehicle to which the control
system of the present invention 1s applied.

FIG. 2 1s a flowchart showing one example of the neutral
coasting control carried out by the control system of the
present 1nvention.

FIG. 3 shows one example of a map used in the neutral
coasting control according to the present invention.

FIG. 4 1s a time chart indicating temporal changes in a
throttle opening, an engagement state of the clutch, and an
operating condition of the engine during another example of
the neutral coasting control of the present invention.

FIG. § 1s a time chart indicating temporal changes 1n a
throttle opening, an engagement state of the clutch, and an
operating condition of the engine during still another example
of the neutral coasting control of the present invention.

DESCRIPTION OF THE PREFERRED
EMBODIMENT(S)

Next, the present invention will be explained 1n more detail
with reference to the accompanying drawings. FIG. 1 shows
a drive line and a control line of the vehicle to which the
control system of the present invention 1s applied. As shown
in FI1G. 1, the vehicle Ve 1s comprised of an engine 1, and an
automatic transmission 3 connected to an output side of the
engine 1 to transmit a power of the engine 1 to drive wheels 2.
Specifically, the automatic transmission 3 1s disposed on the
output side of the engine 1, and an output shait 3a of the
automatic transmission 3 1s connected to the drive wheels 2 to
transmit power therebetween through a propeller shatt 4, a
differential gear 5 and a drive shaft 6. Thus, FIG. 1 shows an
example of rear-drive layout of the vehicle Ve in which the
engine 1 1s connected to the rear drive wheels 2 through the
propeller shaft 4. However, the control system of the present
invention may also be applied to a front drive vehicle and a
four-wheel drive vehicle.

The engine 1 serves as a prime mover of the vehicle Ve, and
for example, an internal combustion engine for generating
power by burning fuel such as a gasoline engine, a diesel
engine a natural gas engine and etc. may be used. According
to the example shown 1n FIG. 1, the gasoline engine 1s used as
the engine 1, and the engine 1 1s comprised of an electronic
throttle valve an opening degree thereot 1s controlled electri-
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cally, and a fuel 1njector an injecting amount thereotf 1s con-
trolled electrically. Therefore, the engine 1 can be operated in
an optimally fuel efficient manner by electrically controlling
a rotational speed with respect to a predetermined load.

The engine 1 1s comprised of a plurality of cylinders 1a in
which a piston 1s reciprocated by burning fuel. An operation
mode of the engine 1 can be selected depending on a situation
from an all-cylinder mode where all cylinders 1a are activated
and a cylinder deactivation mode where some of the cylinders
1a are deactivated.

The automatic transmission 3 1s adapted to transmit a
torque of the engine 1 to the drive wheels 2 while carrying out
a speed change. For example, a geared automatic transmis-
sion (AT), a belt-driven or toroidal continuously variable
transmission (CVT), a dual-clutch automatic transmission
(DCT) based on a geared manual transmission, an automatic
clutch manual transmission (AMT) and so on may be used as
the automatic transmission 3. The vehicle Ve 1s further pro-
vided with a clutch device 7 adapted to selectively allow a
power transmission between the engine 1 and the dnive
wheels 2, irrespective of a type of the automatic transmission
3, and 1rrespective of a drive system such as a front drive
system, a rear drive system and a four wheel drive system.

According to the example shown 1n FIG. 1, a geared auto-
matic transmission having a planetary gear unit 1s employed
as the automatic transmission 3. As the conventional AT, the
automatic transmission 3 1s comprised of a plurality of plan-
etary gear units (not shown), a forward clutch 7a engaged to
establish a forward stage, and a reverse brake 75 engaged to
establish a reverse stage. Optionally, the automatic transmis-
sion 3 may be provided with an additional clutch or brake to
be engaged to establish a predetermined forward stage.
Accordingly, the automatic transmission 3 i1s brought into a
neutral stage by disengaging both of the forward clutch 7a
and the reverse brake 75. As a result of thus disengaging the
torward clutch 7a and the reverse brake 7b, the engine 1 1s
disconnected from the drive wheels 2 so that the power trans-
mission therebetween 1s interrupted. Accordingly, in the
example shown in FI1G. 1, the clutch device 7 comprised of the
torward clutch 7a and the reverse brake 75 serves as the clutch
device of the invention.

As described, the CV'T may be used as the automatic trans-
mission 3. The conventional CVT 1s comprised of a belt
driven transmission and a torque reversing device for revers-
ing a direction of the torque transmitted to the drive wheels 2
between the forward direction and the backward direction.
Specifically, the torque reversing device 1s comprised of a
torward clutch engaged to establish the forward stage and a
reverse clutch engaged to establish the reverse stage. There-
fore, the power transmission between the engine 1 and the
automatic transmission 3 1s mterrupted by disengaging both
of the forward clutch and the reverse brake. That 1s, a neutral
stage of the automatic transmission 3 1s established. In this
case, the forward clutch and the reverse brake serve as the
clutch device of the invention.

Given that the DCT 1s used as the automatic transmission 3,
the power transmission between the engine 1 and the auto-
matic transmission 3 1s interrupted by disengaging both of the
clutches of the DC'T. That 1s, a neutral stage of the automatic
transmission 3 1s established. In this case, the two clutches of
the DCT serve as the clutch device of the invention.

Given that the AMT 1s used as the automatic transmission
3, the power transmission between the engine 1 and the auto-
matic transmission 3 1s interrupted by disengaging a clutch of
the conventional manual transmission device and the engine
1. That 1s, a neutral stage of the automatic transmission 3 1s
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established. In this case, the above-explained clutch serves as
the clutch device of the invention.

The control system of the present invention may be applied
not only to a hybrid vehicle in which the prime mover 1s
comprised of an internal combustion engine and an electric
motor, but also to an electric vehicle in which only the electric
motor 1s used as the prime mover. In order to selectively
connect and disconnect the power transmission route
between the prime mover and the drive wheels 2, according to
the present invention, the vehicle Ve 1s provided with the
clutch device 7 irrespective of a kind of the prime mover such
as the engine 1, the electric motor, and a hybrid drive unit
comprised of the engine 1 and the electric motor. For
example, a friction clutch and a dog clutch may be used as the
clutch device 7, and 1n case of using the friction clutch, any of
a wet type and a dry type iriction clutches may be used. That
1s, any kinds of clutch devices may be used as the clutch
device 7 to selectively allow and interrupt a power transmis-
s1on route between the prime mover such as the engine 1, the
clectric motor, and a hybrid drive unit and the drive wheels 2
to transmit power therebetween.

(Given that the vehicle Ve 1s the hybrid vehicle or the elec-
tric vehicle having the electric motor as the prime mover, a
braking force can be applied to the vehicle Ve by carrying out
a regeneration control of the electric motor while engaging
the clutch device 7. Specifically, a braking torque can be
applied to the drive wheels 2 to decelerate the vehicle Ve
during running by operating the electric motor as a generator
while engaging the clutch device 7.

In order to control an operating condition of the engine 1
and engagement state of the clutch device 7, the vehicle Ve 1s
provided with an electronic control unit (ECU) 8 as a con-
troller that 1s configured to carry out a calculation based on
input data and preinstalled data, and to output a calculation
result 1n the form of a command signal. For example, detec-
tion signals from a wheel speed sensor 9 adapted to detect a
rotational speed of each wheel of the vehicle Ve, an accelera-
tor sensor 10 adapted to detect a depressing angle or a
depressing amount of an accelerator pedal, a brake sensor 11
adapted to detect a depressing angle or a depressing amount
ol a brake pedal, an engine speed sensor 12 adapted to detect
a speed of the engine 1, a throttle sensor 13 detecting the
opening degree of the throttle valve of the engine 1, an incli-
nation sensor 14 adapted to detect an inclination angle of the
vehicle Ve and so on are sent to the electronic control unit 8.
Based on those signals, the electronic control unit 8 sends a
command signals to the engine 1 to control the operating
condition, and to the clutch device 7 to control the engage-
ment state.

(iven that the electric motor 1s used as the prime mover of
the vehicle Ve, a detection signal from a speed sensor for the
clectric motor or a resolver 1s additionally sent to the elec-
tronic control unit 8. In this case, the electronic control unit 8
sends a command signal to the electric motor to control the
operating condition.

In order to improve fuel economy of the vehicle Ve thus
structured, the control system of the present invention carries
out the coasting control of the vehicle Ve by bringing the
clutch device 7 mto disengagement during running. Accord-
ing to the present invention, specifically, the coasting control
1s carried out to cutoll a power transmission route between the
engine 1 and the drive wheel 2 by disengaging the clutch
device 7, under a condition that the accelerator pedal 1s not
depressed or reduced to be smaller than the predetermined
value, 1n other words, completely returned while the vehicle
Ve 1s moving at a speed higher than a predetermined speed.
Under the neutral coasting control, however, the engine 1 will
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not be stopped. That 1s, under the neutral coasting control,
although the speed of the engine 1 1s lowered almost to an
idling speed, the fuel combustion 1s carried on.

Thus, under the neutral coasting control, a power transmis-
sion between the engine 1 and the drive wheel 2 1s interrupted.
Consequently, a braking torque resulting {from a pumping loss
of the engine 1 and a drag torque will not be applied to the
drive wheels 2 of the vehicle Ve. In other words, an engine
braking force will not be applied to the vehicle Ve. Theredore,
under the coasting, a possible coasting distance achieved by
an inertia energy of the vehicle Ve 1s extended. Consequently,
a cruising distance of the vehicle Ve per unit of fuel can be
extended so that the fuel economy of the vehicle Ve can be
improved.

Under the neutral coasting control, the fuel economy of the
vehicle Ve can be further improved 11 the fuel combustion of
the engine 1 1s stopped while disengaging the clutch device 7.
However, 11 the fuel combustion of the engine 1 1s stopped, a
power for actuating auxiliaries such as an o1l pump and a
compressor for an air conditioner, and a power for actuating a
hydraulic power steering system and a brake system will be
lost. In this case, therefore, a substitute power source (e.g., an
clectric motor) and a hydraulic accumulator are required for
the case of cessation of the engine 1. By contrast, given that
the engine 1 1s not stopped under the neutral coasting control,
the power for dniving those auxiliaries and the power steering,
and the brake systems will not be lost. In this case, therefore,
the neutral coasting control can be carried out easily 1n the
conventional vehicles without requiring the additional power
source.

Thus, the neutral coasting control may be adapted easily to
a conventional vehicle by thus keep operating the engine 1 1n
comparison with the case of stopping the engine 1. However,
such fuel consumption during the neutral coasting may
decrease fuel economy 1n comparison with the neutral coast-
ing while stopping the engine 1. In order to improve fuel
economy of the vehicle Ve, the control system of the present
invention 1s configured to carry out the cylinder deactivation
of the engine 1 during the neutral coasting control to reduce
fuel consumption. A preferred control example 1s shown 1n
FIG. 2, and the routine shown therein 1s commenced upon
satisfaction of predetermined conditions and repeated at pre-
determined intervals.

Specifically, the conditions for commencing the coasting
control 1includes: a fact that the vehicle Ve runs at a speed
higher than a predetermined speed; a fact that the vehicle Ve
runs on a road where a road grade falls within a predetermined
range; and a fact that the engine 1 1s combusted. That is, the
predetermined speed 1s a reference value of the vehicle speed
used to determine to execute the neutral coasting control, and
to this end, a threshold value of the vehicle speed 1s set to a
value possible to judge a speed range where the coasting
control 1s effective, based on a stmulation result or an experi-
ment. Specifically, given that the vehicle Ve has a torque
converter, the threshold value 1s set e.g., to 15 to 20 km/h that
1s a speed of the vehicle Ve creeping on a flat road while 1dling
the engine 1. In turn, the predetermined range of the road
grade 1s a reference range to determine if the road 1s a flat road
where the gradient 1s 0%, or 1f an upgrade or a downgrade will
not affect a runming load and ignorable. To this end, such
range of the road grade 1s determined based on a simulation
result or an experiment, and may be altered 1n accordance
with the vehicle speed. For example, the range of the road

grade 1s set to 2% within the speed range lower than 40
km/h, and set to £4% within the speed range higher than 40
km/h.
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According to the control example shown 1n FIG. 2, first of
all, 1t 1s determined whether or not an execution flag for
commencing the neutral coasting control 1s “0” (at step S1).
Specifically, the neutral coasting control 1s commenced 1f the
execution flag 1s set to “17, and terminated 11 the execution
flag 1s set to “0”. That 1s, the execution tlag 1s set to “0” in the
beginning of the control shown 1n FIG. 2.

If the execution flag 1s “0” so that the answer of step S1 1s
YES, the routine advances to step S2 to determine whether or
not the accelerator 1s “OFF”, that 1s, to determine whether or
not an operating amount of the accelerator 1s zero or smaller
than a predetermined operating amount. According to the
present invention, the coasting control 1s triggered by the fact
that the operating amount of the accelerator 1s reduced to zero
or to be smaller than the predetermined amount, 1n addition to
a satistaction of all of the above-explained preconditions for
commencing the coasting control. Specifically, the fact that
the operating amount of the accelerator 1s reduced to zero or
to be smaller than a predetermined value 1s a condition to
determine whether or not the accelerator pedal depressed by
the driver 1s released and returned. The reference value of the
operating amount of the accelerator used to determine to
execute the coasting control 1s not necessarily to be zero. For
example, as indicated 1n the map shown in FIG. 3, the neutral
coasting control 1s commenced when the operating amount of
the accelerator 1s reduced to be smaller than a reference value
A. Optionally, as shown 1n FIG. 3, the reference value A may
be altered 1n accordance with the engine speed Ne.

If the accelerator 1s “OFF”, that 1s, 1 the operating amount
of the accelerator 1s smaller than the reference value so that
the answer of step S2 1s YES, the routine advances to step S3
to determine whether or not a throttle valve of the engine 1 1s
“OFF”, that 1s, to determine whether or not an opening degree
of the throttle valve 1s at an 1dling degree 0_a at which the
engine 1 1s operated at an 1dling speed Neidl_a. Specifically,
the 1dling speed Neidl_a 1s lower than a normal speed range of
the engine 1 propelling the vehicle Ve while engaging the
clutch device 7, and which 1s the lower limit speed at which
the engine 1 operated free from the load under the all-cylinder
mode 1s allowed to rotate autonomously.

I1 the throttle valve 1s “OFF”, that 1s, 11 the opening degree
of the throttle valve 1s at the 1dling degree 0_a so that the
answer of step S31s YES, the execution tlag s set to “1”” at step
S4 to carry out the neutral coasting control. Then, the clutch
device 7 1s brought into disengagement as indicated “OFF”” 1n
FIG. 2 (at step S5).

Thereatter, a shifting target speed Necut 1s calculated (at
step S6). The shifting target speed Necut 1s a criterion for
shifting the operation mode of the engine 1 from the all-
cylinder mode to the cylinder deactivation mode under the
neutral coasting control. To this end, the shifting target speed
Necut 1s set to an intermediate value between the current
engine speed Ne and the 1dling speed Neidl_a under the
all-cylinder mode. Specifically, the shifting target speed
Necut can be expressed by the following expression:

Necut=(Ne+Neidl_a)/2.

After thus calculating the shifting target speed Necut at
step S6, 1t 1s determined whether or not the execution flag for
carrying out the neutral coasting control 1s “1” (at step S7). If
the execution tlag 1s not “1”” so that the answer of step S7 1s
NO, the routine 1s returned without carrying out any specific
control.

By contrast, 1f the execution flag 1s “1” so that the answer
of step S71s YES, the routine advances to step S8 to determine
whether or not the current engine speed Ne has been lowered
to be lower than the shifting target speed Necut.
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If the current engine speed Ne has not yet been lowered to
be lower than the shifting target speed Necut so that the
answer of step S8 1s NO, the routine 1s returned without
carrying out any specific control.

By contrast, 1f the current engine speed Ne has been low- 53
ered to be lower than the shifting target speed Necut so that
the answer of step S8 1s YES, the routine advances to step S9
to shiit the operation mode of the engine 1 from the all-
cylinder mode to the cylinder deactivation mode.

Then, an opening degree of the throttle valve 1s adjusted to 10
be adapted to the cylinder deactivation mode (at step S10).
Specifically, an 1dling degree 0_b at which the engine 1 1s
operated at anidling speed Neidl_b 1s sent to the throttle valve
in the form of command signal.

Specifically, the 1dling speed Neidl_b 1s lower than the 15
normal speed range of the engine 1 under the normal running
condition, at which the engine 1 operated free from the load
under the cylinder deactivation mode 1s allowed to rotate
autonomously. In addition, the 1dling speed Neidl_b for the
cylinder deactivation mode 1s adjusted to be higher than the 20
idling speed Neidl_a for the all-cylinder mode. Under the
cylinder deactivation mode, number of activated cylinder 1s
reduced 1in comparison with that under the all-cylinder mode.
Consequently, vibrations of the engine 1 are amplified under
the cylinder deactivation mode, and such vibrations are 25
increased with a reduction in the engine speed especially at
the lower limit speed. For this reason, the i1dling speed
Neidl_b for the cylinder deactivation mode 1s set to be higher
than the 1dling speed Neidl_a for the all-cylinder mode.

After thus reducing the speed of the engine 1 to the idling 30
speed Neidl_b, the routine 1s returned.

To the contrary, 1f the execution flag 1s not “0” so that the
answer ol step S11s NO, the routine advances to step S7 while

skipping steps S2 to S6 to execute the above-explained deter-
mination. 35

[ikewise, 1f the accelerator 1s not “OFF”, that 1s, 1 the
operating amount of the accelerator 1s larger than the refer-
ence value so that the answer of step S2 1s NO, the routine
advances to step S7 while skipping steps S3 to S6. Also, 1f the
throttle valve 1snot “OFF”’, that1s, 11 the opening degree of the 40
throttle valve has not yet been reduced to the idling degree 0_a
so that the answer of step S3 1s NO, the routine advances to
step S7 while skipping steps S4 to S6. In cases the answer of
any of steps S2 and S3 1s NO, the execution flag for carrying
out the neutral coasting control is still set to “0” so that the 45
answer of step S7 will be NO. Therefore, the routine is
returned without carrying out any specific control.

Thus, according to the present invention, the engine 1 1s
idled while deactivating some of the cylinders during the
neutral coasting. Therefore, fuel consumption during the neu- 50
tral coasting control can be reduced so that fuel economy of
the vehicle Ve can be improved. As also described, the opera-
tion mode of the engine 1 1s shifted at step S8 from the
all-cylinder mode to the cylinder deactivation mode after
reducing the engine speed Ne to be lower than the shifting 55
target speed Necut. Specifically, the cylinder deactivation
mode 1s commenced after reducing the engine speed Ne to the
1dling speed Neidl_b for the cylinder deactivation mode. That
1s, the operation mode of the engine 1 1s shifted from the
all-cylinder mode to the cylinder deactivation mode while 60
reducing a speed difference between the current engine speed
Ne and the 1dling speed Neidl_b of the cylinder deactivation
mode. For this reason, the operation mode of the engine 1 can
be shifted smoothly from the all-cylinder mode to the cylinder
deactivation mode. 65

As described, the control system of the present invention 1s
configured to shift the operation mode of the engine 1 from

10

the all-cylinder mode to the cylinder deactivation mode while
setting the shifting target speed Necut. Alternatively, the
operation mode of the engine 1 may also be shifted to the
cylinder deactivation mode after a lapse of predetermined
period of time determined taking account of a timing to
engage the clutch device 7 and a timing to lower the engine
speed Ne. An example of such control will be explained with
reference to the time chart shown in FIG. 4. In the example
shown 1n FIG. 4, the accelerator that has been depressed at
predetermined degree to propel the vehicle Ve 1s returned to
the “OFF” position at a point t1. Consequently, an opening
degree of the throttle valve of the engine 1 1s reduced to the
1dling degree O_a. In this situation, the engine 1 1s still oper-
ated under the all-cylinder mode, therefore, the opening
degree of the throttle valve 1s reduced to the 1dling degree 0_a
to rotate the engine 1 at the 1dling speed Neidl_a of the
all-cylinder mode. As a result, the engine speed Ne starts
lowering toward the 1dling speed Neidl_a.

At point t1, in addition, a command to bring the clutch
device 7 mto disengagement 1s outputted. That 1s, since the
accelerator 1s turned off during running, a command signal
for carrying out the neutral coasting control 1s outputted.
Then, when the clutch device 7 1s brought into disengage-
ment, the power transmission route between the engine 1 and
the drive wheels 2 1s cut-oif and the neutral coasting 1s com-
menced.

However, completion of disengagement of the clutch
device 7 1s mnevitably delayed behind a reception of the dis-
engaging command. If the operation mode of the engine 1 1s
shifted from the all-cylinder mode to the cylinder deactivation
mode before completion of disengagement of the clutch
device 7, torque pulses and vibrations resulting from the
shifting of the operation mode would propagate to the drive
wheels 2. In this case, the driver may feel shocks and uncom-
fortable feeling.

In order to prevent such vibrations, according to the
example shown 1n FIG. 4, a predetermined delay time to
commence the cylinder deactivation mode 1s set taking
account of such response delay of the clutch device 7. In the
example shown 1in FIG. 4, specifically, the delay time DT1 1s
set from point t1 to point t2. That 1s, the delay time D11 starts
at point t1 and the command for executing the cylinder deac-
tivation of the engine 1 1s outputted at point t2 when the delay
time DT1 has elapsed. As described, the delay time DT1 1s
waiting time for shifting the operation mode of the engine 1
from the all-cylinder mode to the cylinder deactivation mode.
To this end, the delay time DT1 may be determined based on
a simulation result or an experiment. Thus, the command
signal for executing the cylinder deactivation of the engine 1
1s outputted at point t2, and the operation mode of the engine
1 1s shifted from the all-cylinder mode to the cylinder deac-
tivation mode.

At point 12, in addition, an opening degree of the throttle
valve 1s reduced to the 1dling degree 0_b at which the engine
1 1s operated at the 1dling speed Neidl_b. Under the cylinder
deactivation mode of the engine 1, a friction torque of the
engine 1 1s reduced with a reduction 1n number of activated
cylinders. That 1s, the engine speed Ne 1s increased as a result
of shifting from the all-cylinder mode to the cylinder deacti-
vation mode given that the opening degree of the throttle 1s
not changed. As described, under the cylinder deactivation
mode, vibrations of the engine 1 will be amplified during
1idling in comparison with the all-cylinder mode. Therefore, 1n
order to reduce the vibrations of the engine 1 under the cyl-
inder deactivation mode, the idling speed Neidl_b for the
cylinder deactivation mode 1s set to be slightly higher than the
idling speed Neidl_a for the all-cylinder mode. In addition,
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the 1dling degree 0_b at which the engine 1 1s operated at the
1dling speed Neidl_b 1s determined taking account of all of
those factors. According to the example shown in FI1G. 4, the
1dling degree 0_b for the cylinder deactivation mode 1s set to
be slightly narrower than the idling degree 0_a for the all-
cylinder mode.

As described, the 1dling speed Neidl_b for the cylinder
deactivation mode 1s set to be slightly higher than the 1dling
speed Neidl_a for the all-cylinder mode. Therefore, as aresult
of reducing the opening degree of the throttle valve from the
idling degree 0_a to the 1dling degree 0_b, the engine speed
Ne lowering toward the 1dling speed Neidl_a for the all-
cylinder mode 1s maintained at the i1dling speed Neidl_b for
the cylinder deactivation mode.

Thus, according to the control example shown in FIG. 4,
the operation mode of the engine 1 can be shifted from the
all-cylinder mode to the cylinder deactivation mode after a
lapse of the delay time DT1 for waiting completion of disen-
gagement of the clutch device 7. In other words, the cylinder
deactivation mode of the engine 1 can be commenced after a
lapse of the predetermined period of time from the point at
which the clutch device 7 1s completely disengaged. For this
reason, the operation mode can be shifted smoothly to the
cylinder deactivation mode without causing shocks and
vibrations.

Thus, according to the control example shown in FIG. 4,
the timing to commence the cylinder deactivation of the
engine 1 1s determined taking into consideration response
delay of the clutch device 7. Alternatively, the timing to
commence the cylinder deactivation of the engine 1 may also
be determined taking account of response delay of speed
control of the engine 1. An example of such control will be
explained with reference to the time chart shown 1n FIG. 5. In
the example shown 1n FIG. 5, the accelerator that has been
depressed at predetermined degree to propel the vehicle Ve 1s
returned to the “OFF” position at a point t11. Consequently,
an opening degree of the throttle valve of the engine 1 1s
reduced to an 1dling degree 0_c. In this situation, the engine 1
1s still operated under the all-cylinder mode. The 1dling
degree O_c 1s set to be slightly wider than the 1dling degree
0_a to rotate the engine 1 at the 1dling speed Neidl_a of the
all-cylinder mode. Specifically, the 1dling degree 0_c 1s set to
a value possible to operate the engine 1 at a same speed as the
1dling speed Neidl_b for the cylinder deactivation mode. As a
result, the engine speed Ne starts lowering toward the 1dling
speed Neidl_c.

At point t11, 1n addition, a command to bring the clutch
device 7 mto disengagement 1s outputted. That 1s, since the
accelerator 1s turned off during running, the command signal
for carrying out the neutral coasting control 1s outputted.
Then, when the clutch device 7 1s brought 1nto disengage-
ment, the power transmission route between the engine 1 and
the drive wheels 2 1s cut-off and the neutral coasting 1s com-
menced.

However, reduction 1n the engine speed Ne 1s inevitably
delayed behind a reception of a speed reduction command. If
the operation mode of the engine 1 1s shifted from the all-
cylinder mode to the cylinder deactivation mode before the
engine speed Ne 1s lowered to a desired speed, the operation
mode cannot be shifted smoothly.

In order to smoothly shift the operating mode of the engine
1, according to the example shown in F1G. 5, a predetermined
delay time to commence the cylinder deactivation mode 1s set
taking account of such delay in reduction of the engine speed
Ne. In the example shown in FIG. 5, specifically, the delay
time D12 1s set from point t11 to point t12. That 1s, the delay
time DT2 starts at point t11 and the command for executing,
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the cylinder deactivation of the engine 1 1s outputted at point
t12 when the delay time DT2 has elapsed. Thus, the delay
time DT2 1s the waiting time to commence the shifting of
operation mode of the engine 1 from the all-cylinder mode to
the cylinder deactivation mode after the engine speed Ne 1s
lowered to the 1dling speed Neidl_c and stabilized. To this
end, the delay time DT2 may be determined based on a
simulation result or an experiment.

Thus, at point t12, the command signal for executing the
cylinder deactivation of the engine 1 1s outputted, and the
opening degree of the throttle valve 1s reduced to the 1dling
degree O_b at which the engine 1 1s operated at the 1dling
speed Neidle b. Consequently, the operation mode of the
engine 1 1s shifted from the all-cylinder mode to the cylinder
deactivation mode.

As described, according to the example shown 1n FIG. 5,
the engine 1 1s shifted from the all-cylinder mode to the
cylinder deactivation mode after a lapse of the delay time DT?2
determined taking account of response delay of the engine
speed Ne. That 1s, the operation mode of the engine 1 1s
allowed to be shifted to the cylinder deactivation mode after
the engine speed Ne 1s lowered to the 1dling speed Neidl_b
and stabilized. Theretfore, the operation mode of the engine 1
can be shifted smoothly to the cylinder deactivation mode
without causing shocks and vibrations.

Thus, according to the present invention, the engine 1 1s
idled and the clutch device 7 1s brought into disengagement to
cut-oitf the power transmission route between the engine 1
and the drive wheels 2 to coast the vehicle Ve upon deactiva-
tion of the accelerator during running. Therefore, a cruising
distance of the vehicle Ve without load can be extended so that
the fuel economy can be improved.

In addition, according to the present invention, the cylinder
deactivation of the idling engine 1 1s executed during the
neutral coasting to reduce number of combusting cylinders.
Theretore, fuel consumption during the neutral coasting can
be reduced 1 comparison with the conventional coasting
control activating all cylinders. Thus, the fuel economy can be
turther improved during the neutral coasting control.

Here will be brietly explained a relation between the fore-
going examples and the present mvention. The functional
means of step SS serves as the execution means of the inven-
tion, and the functional means of step S6 to S10 serve as the
engine control means of the invention.

The invention claimed 1s:

1. A vehicle control system, that 1s applied to a vehicle
comprising an engine having a plurality of cylinders, a power
transmission route between the engine and drive wheels and
a clutch device adapted to selectively connect and disconnect
the power transmission route, and that 1s configured to dis-
connect the power transmission route during running to allow
the vehicle to coast, comprising a controller that 1s configured
to:

detect a vehicle speed;
detect an operation of an accelerator by a driver;
detect a speed of the engine;
execute a coasting control when an operating amount of an
accelerator 1s reduced to be smaller than a predeter-
mined value during running, by bringing the clutch
device mto disengagement to disconnect the power
transmission route; and
reduce number of combusting cylinders during the coast-
ing control while reducing the engine speed to an 1dling
speed that 1s lower than that of a case in which the
coasting control 1s not carried out.
2. The vehicle control system as claimed in claim 1,
wherein the controller 1s further configured to adjust the
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1dling speed to be higher than a lower limit speed at which the
engine operated under all-cylinder mode 1s allowed to rotate
autonomously.

3. The vehicle control system as claimed i claim 2,
wherein the controller 1s further configured to reduce number 3
of combusting cylinders after a lapse of a predetermined
period of time from a point at which the clutch device 1s
brought mto disengagement.

4. The vehicle control system as claimed in claim 1,
wherein the controller 1s further configured to reduce number 10
of combusting cylinders after a lapse of a predetermined
period of time from a point at which the clutch device 1s
brought 1nto disengagement.
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